Abstract--This paper proposes a new control strategy for three-phase shunt active power filter that is capable to operate under three-wire or four-wire systems. It is based on Source Instantaneous Power. The principle of this control method is to eliminate undesired source currents. Calculation of source instantaneous power is needed to determine instantaneous power component that may not be created by the source. This calculation only needs source currents and phase information so the amount of sensors can be minimized. This control method can force source currents nearly sinusoidal and have unity power factor. Application in four-wire system will reduce neutral current at source side. Simulation is done to verify analysis.
I. INTRODUCTION
HE use of diode and thyristor rectifiers have been growing rapidly and they cause harmonic impacts seriously in power systems. Harmonic current producing loads will cause additional losses, lower power factor, higher distortion, etc. Passive power filtering as a conventional method to compensate for these harmonics has some disadvantages because these exhibit lower impedance at tuned frequencies than the source impedance to reduce the harmonic currents flowing to the source.
Shunt active power filters that have been researched since two last decades are alternative ways to compensate for the harmonics. PWM converter as a core in a shunt active power filter acts as a controlled current source to inject undesired currents to the systems. Active power filters have been applied in power systems to improve power quality degradation caused by nonlinear loads. Most of active power filters' control methods are based on extraction of harmonic components by using the imaginary p-q theory proposed by Akagi due to its advantages and superiority. Commonly, it needs to sense load currents to obtain compensated current references and detection of the output currents of PWM converter is also necessary in order to track the compensated current references [1] , [2] . These are also suitable only for three-phase three-wire systems with ideal source voltages. For application under nonideal source voltage, is proposed in [3] . Aredes extended this theory to three phase with neutral wire application [4] . The authors have proposed a new control method of shunt active power filter for three-phase four-wire systems which is based on the source instantaneous power [5] . This control strategy can assure the source currents always sinusoidal and balanced although under unbalanced and/or distorted mains voltages, this is also able to minimize the neutral current in source side. Because only detection of source currents are needed and it doesn't need to detect compensating currents of power filter or load currents, this control method can reduce the amount of current sensors
In this paper, a proposed source instantaneous power based control method of a shunt active power filter for three-phase systems is described. This control method will be implemented in three-phase three-wire and four-wire systems. Compensation of zero-sequence power that only appears in four-wire systems is analyzed as comparison to three-wire application. Simulation results show the effectiveness of the proposed control method. Fig.1 shows a three-phase shunt active power filter (APF) that implement PWM converter connected in parallel with three-phase three-wire or four-wire nonlinear load using a control method that based on source instantaneous power (SIP). This shunt active power filter will inject undesired currents to make the source currents nearly sinusoidal with unity power factor. Application of this APF in four-wire system will reduce neutral current. To apply the proposed control method, it needs source current quantities and source voltage's phase information that is used to make three phase sinusoidal waveforms with unity amplitude and in phase with respect to source voltages (representative source voltages).
II. SOURCE INSTANTANEOUS POWER BASED CONTROL METHOD
The principle of this SIP based control method is to calculate undesired source instantaneous power that contain ac This active currents are current components which are in phase with respect to fundamental positive sequence of main voltages. This SIP based control method is capable to be used in three-phase three-wire or four-wire systems because the calculation of source instantaneous power never generates zero-sequence power. Compensation of zero-sequence power is separately done by using zero-sequence current. Fig-2 shows the scheme of SIP based control method. By detecting source currents and using abc-αβ0 transformation will result in source currents in The representative voltages which are unity amplitude three-phase sinusoidal waveforms are obtained by using phase information and PLL (Phase Locked Loop), these can be expressed in αβ-axes as
This condition always causes the calculated instantaneous power contain no zero-sequence power so this control method is capable to be used in systems with or without neutral wire. From (5) we can see that there are three current components which are obtained by inversed-calculation. It indicates that there is no influence of zero-sequence power and it is right for systems without neutral wire but a problem in systems with neutral wire. Therefore we must add zerosequence current (in three-phase four-wire application) in transforming into abc, then we get In application, APF is commonly implemented by voltagetyped PWM converter that acts as a controlled current source. Electronic switches used in this converter always have switching and conduction losses. Other losses are caused by other elements such as inductors and dc-link capacitor. For there is no dc source supports this converter, the main source must supply additional power to compensate these losses. This condition can be achieved by keeping dc-link voltage constant using voltage regulating loop.
III. SWITCHING PATTERNS FOR PWM CONVERTER
PI controllers are used to eliminate undesired currents (6). By subtracting undesired currents from zero as the input signals of PI controllers, these controllers will force these undesired currents equal to zero. Output signals of PI controllers are used as modulating signals in ramp comparison to generate gating signals for electronic switches in PWM converter ( fig.4) . It is needed three PI controllers to generate three modulating signals for three-leg PWM converter. But using four-leg PWM converter needs an additional modulating signal that obtained by summing output signals of these three PI controllers.
Based on gating signals, PWM converter will produce output voltages. The difference between PWM converter output voltage and main voltage will sharpen compensating currents C i flowing through inductor 
IV. SIMULATION RESULTS
To verify the analysis, computer simulations are done by using PSIM. The simulations use main voltages which contain unbalance and distortion to show the capabiliy of the SIP based control method in doing compensation. Fig.5 shows simulation results for three-phase three-wire system, where the nonlinear load draws distorted currents from the source. After APF injects compensating currents then source currents become nearly sinusoidal with low THD and have unity PF.
In three-phase four-wire system, nonlinear load will cause neutral current with significant amplitude flowing in neutral conductor. By using four-leg PWM converter as an APF, it is injected phase compensating currents and neutral compensating current which is the sum of three phase compensating currents. Fig.6 depicts simulation results for four-wire system, it is shown that at source side the phase currents are sinusoidal with low THD and in phase with respect to main voltages. This condition makes neutral current at source side tends to zero.
Shunt APF that acts as current controlled source must track undesired currents properly. If it is failed to do, the cause phase source currents still contain distortion. For fourwire system, the neutral current will apear too. In this paper, a source instantaneous power based control method of a shunt active power filter has been proposed. This control method can reduce the amount number of current sensors and is also capable to operate under nonideal main voltages with keeping force the source phase currents be sinusoidal. This method can be implemented in three-wire and four wire system. The neutral current at the source side can be significantly reduced in four-wire system. The computer simulation results show the effectiveness of the proposed control method.
